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ABSTRACT Severe landslides followed by debris flow were recorded to have occurred on 12 December 2014 and discovered to have 
ruined infrastructures and buried hundreds of peoples in Karangkobar subdistrict of Banjarnegara district, Central Java. There was, 
however, a high rainfall of up to 200 mm per day for two days before the disaster. Therefore, this research was conducted to predict and 
assess the landslide area using Transient Rainfall Infiltration and Grid-Based Regional Slope-Stability (TRIGRS) version 2.0 model to 
calculate the pore water pressure and safety factor (FS) during rainfall infiltration. The TRIGRS model focused on spatial analysis. The data 
used as input for this analysis include the DEM, geological and geotechnical properties, infiltration variables, and rainfall intensity. 
Meanwhile, the FS value was observed to be lowest at the initial condition before rainfall infiltration by ranging between 1 and 1.2 and 
distributed at the steep slope area near Jemblung. The results were validated through the back analysis of a reference landslide event and 
the instability in the area was confirmed to be initiated in the 3 three hours of rainfall while the hazards area occurs majorly at the steep 
slopes with slope angles greater than 30o after 24 hours. The simulation results showed the steep slope area with an inclination angle 
greater than 30o is susceptible to failure during the rainfall infiltration due to FS < 1.2 while some locations with steep slopes were likely 
not to fail as indicated by FS >1.2. This study generally concluded that the TRIGRS was able to predict the location of the failure when 
compared with the results from the field observation of the landslide occurrences. 
KEYWORDS Landslides; Spatial; Factor of Safety; Transient; TRIGRS. 
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1 INTRODUCTION 
Karangkobar is a sub-district in Banjarnegara 
surrounded by mountainous hills and this is the 
reason most of the transportation infrastructures 
in the area are built by cutting through hills and 
slopes. This town experienced a landslide in more 
than seven locations on 12 December 2014 
(Prasetyaningtiyas,2016) due to the heavy rainfall 
triggered by climate change which further has a 
severe impact on the community. Meanwhile, 
natural vegetation, especially grasses and scrubs, 
reappear almost two years after the disaster as 
shown in Figure 1 with some areas of the failure 
barely exposed. The landslides were reported to 
have disrupted access to Karangkobar-
Banjarnegara and buried hundreds of peoples and 
houses during the occurrence. Moreover, they 
have been classified as shallow slope failure type 
which was followed by debris flow and occurred 
due to the rainfall intensity recorded to have 
reached over 200 mm for two consecutive days in 
December 2014 as shown in Figure 2. 
Theoretically, the intense rainfall created a 
temporary water table which led to an increment 
in the soil saturation, thereby, allowing water to 
fill the soil pores and caused a reduction in the 
soil particle bond. At this state, the pore water 
pressure increased while the shear strength 
decreased (Fredlund and Rahardjo, 1993). 
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Figure 1. The condition of disaster area after April 2016 
 
Figure 2. Precipitation records from the nearest rainfall 
station in Karangkobar (Prasetyaningtiyas, 2016) 
Furthermore, the soil is in a slurry and unstable 
state when the soil is saturated. This, therefore, 
means the rainfall was also a triggering factor for 
the slope instability apart from the high 
inclination of the area. 
Some coupled infiltration and slope stability 
models have been developed to model and 
evaluate landslides. An example of this is the 
TRIGRS which has been widely used to model 
rainfall infiltration that induces shallow 
landslides and debris flow (Bordoni et al., 2015, 
Park et al., 2013, Baum et al., 2010). It has also 
been applied to simulate the initial amount of 
landslide generated by a debris flow rather than 
the actual field measurement (Liu and Hsu, 2013). 
Moreover, Zhuang et al. (2017) and Sorbino et al. 
(2009) showed the ability of the model to generate 
more satisfactory results at a given precipitation 
threshold than SINMAP and SHALTAB. This 
means the model is ideal for landslide hazard 
zonation for land, infrastructural, and regional 
use. A comparison made also showed it is more 
beneficial to predict a landslide for a specific 
precipitation threshold, also on the regional 
scale. Some studies combined TRIGRS with 
another physical model such as DEBRIS 2D and 
HSP to evaluate the debris after landslides (Hsu 
and Liu, 2019; Ciurleo et al., 2018). 
The TRIGRS model focuses on spatial analysis and 
this means the rainfall-induced landslide in 
Banjarnegara needs to be evaluated to produce a 
landslide hazard map based on the hydro-
geotechnical approach. This research mainly 
focused on determining the rainfall-induced 
landslide and also identified the potential 
landslide area in Karangkobar using the spatial 
factor of safety. This is, therefore, for the 
implementation of early warning emergency 
plans (Chien et al., 2015) and the installation of 
landslide early-warning sensors (Dixon et al., 
2018).  
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2 METHODS 
2.1 Study Area and Site Characterization 
The study area is shown in Figure 3 with the 
landslide spots identified along the sloping road 
as indicated in locations 4, 5, and 6. A slope 
failure followed by debris flow occurred at 
Jemblung and the geological setting of the area is 
predominantly shale, marl, and calcareous 
sandstone as part of the Rambatan Formation 
(Tmr) (Condon et al., 1976). Moreover, the field 
observation showed the area as soft clay with a 
thickness of over 300 mm. The landslide area and 
its surroundings are also formed by Qiya, Qjm, 
Qjma, andesite lava, and the volcanic clastic rocks 
of the volcano sliced from the Jembangan 
Mountains, especially andesitic, which locally 
contains hornblende and olivine basalt. The Qiya 
and Qjma are alluvium lava and sediments 
composed of weathered volcanic rock and a few 
amounts of lava and breccia flows while The Qjm 
and Qjo units are lava flows, breccia, pyroclastic 
breccias, soil, and alluvium deposits. 
The boring and SPT were performed up to 24 m 
depth and the bedrock layer was found after 5 – 8 
m deep from the surface containing mainly silt 
and layered with fine sand. Moreover, 
undisturbed soil samples were collected from the 
site to determine the strength and hydraulic 
properties with the soil-water characteristics 
curve (SWCC) applied to determine the residual 
(r) and saturated (s) volumetric moisture 
content. These two parameters were further used 
as the input in the TRIGRS model. The SWCC used 
in this study was obtained from the suction 
measurement through a tensiometer in the field 
as indicated in Figure 4 for the soil layer. It is, 
however, important to note that the SWCC was 
fitted on the van Genuchten – Mualem model 
(van-Genuchten, 1980). 
 
Figure 3. Topography of the investigated area.  
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Figure 4. The SWCC of the soil layer 
2.2 TRIGRS Modelling 
TRIGRS Version 2.0 was used in this study to 
model the spatial slope instability and the 
classification of the basic input parameters 
includes the digital elevation model (DEM), the 
geotechnical, geology, and hydraulic properties 
of the area, and precipitation. However, the main 
input parameters are precipitation intensity (cri), 
slope angle (), soil depth (Z), initial ground 
water-table depth (depthwt), saturated vertical 
hydraulic conductivity (Ks), hydraulic diffusivity 
(D), three-parameter soil-water characteristic 
curve, cohesion for effective stress (c), angle of 
internal friction for effective stress (ϕ), and total 
unit weight of soil (s). Figure 3 shows the 
boundary area and the locations using a grid to 
represent the area with 25 x 25 each cell size. In 
this study, the area was divided into three zones 
with each having different hydrological 
properties while the landscape digital location 
was transformed into ASCII text as a DEM file 
containing every input data. Moreover, the daily 
and cumulative rainfall recorded for December 
2014 was collected from the rainfall station in 
Karangkobar with the arrow indicating the time of 
landslide occurrence as shown in Figure 2. The 
average hourly rainfall that triggered the slope 
failure was, however, calculated to be 
approximately 136 mm/h (3.79×10-5 ms-1). 
TRIGRS is an open file software usually executed 
using a bundle of an input text file which provides 
several lines described in the README file folder. 
A full description of the previous version of the 
software and its user manual is, however, 
presented in Baum et al. (2008). It is important to 
note that it is necessary to set all components to 
their initial condition for all layers before 
computing (Baum et al., 2010; Sorbino et al., 
2009). Moreover, the simulation process uses 
two-layer systems for transient analysis with the 
bottom layer being the saturated soil under 
water-table while the upper layer lays on the 
water table and processed as unsaturated soil. 
The layers are, however, established to be 
isotropic and this makes the infiltration to be a 
transient and steady system. Meanwhile, 
Iverson’s solution was applied to solve the 
infiltration model with the transient infiltration 
reported to be affecting the transient pressure 
head and changes in the factor of safety in the 
digital map (Baum et al., 2008). The steady and 
transient states were calculated using Equation 
(1) and (2) respectively (Baum et al., 2008) with 
some variables in each equation directly derived 
from experimental data while some were 
calculated using Equations (3) to (7). 
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𝑒𝑥𝑝(−𝜂2) − 𝜂𝑒𝑟𝑓𝑐(𝜂) (3) 
𝑍 = 𝑧/ 𝑐𝑜𝑠 𝛿 (4) 
𝛽 = 𝑐𝑜𝑠2 𝛿 − (𝐼𝑍𝐿𝑇/𝐾𝑆) (5) 
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𝐷1 = 𝐷0/ 𝑐𝑜𝑠
2 𝛿  (6) 
𝐷0 = 𝐾𝑆/𝑆𝑆  (7) 
where d is the steady-state depth water table (m), 
D0 is saturated hydraulic diffusivity (m/s), dLZ is 
the depth of impermeable boundary (m), IZLT is 
steady (initial) surface flux (m/s), Ks is saturated 
hydraulic conductivity (m/s), nth is time interval 
infiltration, SS is specific storage, t is time (s),  is 
slope angle (o), ψ is groundwater pressure head 
(m), z is positive downward (m), and Z is the 
vertical coordinate direction (m).The factor of 
safety was calculated using Equation (8). 
Meanwhile, the downward flow direction above 
the water table generates a new groundwater 
table and develops positive water pressure and 








𝛾𝑠𝑍 𝑠𝑖𝑛 𝛿 𝑐𝑜𝑠 𝛿
 (8) 
where c’ is effective cohesion, ’ is effective 
internal friction angle, s is soil unit weight, and 
w is water unit weight.  
2.3 Input Parameters 
Field observation showed the variation in the 
geotechnical properties is almost the same for 
each zone. The shear strength properties were 
determined using a direct shear test conducted at 
various depths from -3.00 m to -15 m. Moreover, 
the hydraulic properties of the soil represented by 
the saturated coefficient of permeability Ks and 
diffusivity D1 relatively varied at each zone. The 
input parameters used in the simulation are, 
therefore, presented in Table 1. 
3 RESULTS 
3.1 Variation of Spatial Safety Factor 
The spatial factor of safety at the initial condition 
before the rainfall infiltration is presented in 
Figure 5 with the FS values recorded to have 
varied from 1 to 10. The lowest range was between 
1 and 1.2 and distributed at the steep slope area 
near Jemblung which was theoretically initially 
almost stable but had the potential to slide. The 
focus of this study was on the change in slope 
stability during rainfall and the change in a safety 
factor is observed to be representing the slope 
stability at the time the rainfall stops. Figure 6 
shows the minimum safety factor varies with the 
rainfall elapsed time and the values were 
simulated to be between 0.2 and 10. Meanwhile, 
the criteria proposed by Ward et al. (1979) divided 
the relative spatial hazard level into three regions 
and these include low when the FS > 1.7, medium 
from 1.2 to 1.7, and high at < 1.2. The high hazard 
level is shown by the red color region in Figure 6 
while yellow and green color areas indicate the 
medium and low respectively. The area with high 
hazard was observed to be gradually wider with 
the rainfall elapsed time with the unstable area 
discovered to have been initiated in the first three 
hours. Moreover, the hazard areas are majorly at 
the steep slope with a slope angle greater than 30o 
after 24 hours of precipitation as indicated in 
Figure 7. This means the landslide area with FS < 
1.2 predicted by the simulation has been 
confirmed by the field observation points in 
locations 4, 5, 6, and Jemblung as shown in Figure 
7. 
Table 1. Input variables used in TRIGRS for the Karangkobar landslide case 
Parameter 
Zones 
1 2 3 
Cohesion, c' N/m2 1.1×103 1.1×103 1.1×103 
Internal friction angle, ϕ' o 13.810 13.810 13.810 
Saturated unit weight, γs N/m3 1.4×104 1.4×104 1.4×104 
Saturated coefficient of permeability, Ks m/s 4.0×10-7 4.0×10-5 4.0×10-4 
Saturated volumetric water content, s - 0.873 0.87 0.873 
Residual volumetric water content, s - 0.09 0.09 0.09 
SSWCC constant, α - -0.5 -0.5 -8.0 
Diffusivity, D1 m/s 6.0×10-6 8.68×10-4 4.12×10-2 
Rainfall intensity, i m/s 3.79×10-5 3.79×10-5 3.79×10-5 
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Figure 5. The initial spatial safety factor of the slope. 
 
Figure 6. Slope stability conditions in terms of safety factor according to the TRIGRS model after (a) 3 hours, (b) 6 hours, 
(c) 9 hours, (d) 12 hours, (e) 15 hours, (f) 18 hours, (g) 21 hours, and (h) 24 hours of rainfall. 
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Figure 7 Predicted slope failure potential from TRIGRS simulation and observed landslides location and debris boundary. 
3.2 Variation of the Pressure Head  
Rainfall infiltration usually increases the 
transient pressure head and the typical change 
with time is presented in Figure 8.  
 
Figure 8. The variation of transient pressure head at grid 
cell 554. 
The lowest was recorded at the location with 
slope angle 31o which is grid cell 554 and observed 
to be rising gradually with the elapsed time to a 
significant value after 24 hours of precipitation. It 
increased significantly at the slope surface (z = 0) 
from 0.35 m (3.43 kPa) to 1.8 m (18.64 kPa) and 
this positive value indicates the surface is 
saturated as well as the existence of run-off. 
Furthermore, the perched water table rises during 
the precipitation as indicated by the increase in 
the pressure head at the lower boundary of slope 
(z = 5 m) from 0.15 m (1.47 kPa) to 1.7 m (16.68 
kPa). 
4 DISCUSSION 
Slope failure theoretically exists in limit state 
equilibrium when the safety factor value is lesser 
than one (FS < 1) for the one or two-dimensional 
stability slope model. This criterion has been 
applied for spatial analysis by some researchers 
such as Baum et al. (2010), Alvioli and Baum 
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(2016), Chien et al. (2015), Alvioli et al. (2014). 
However, Ward et al. (1979) stated that the 
erroneous determination of FS in spatial areas 
ranges from 20% to 30% and this means a high 
hazard area is determined when the FS < 1.2. It 
further shows it is unnecessary to determine the 
landslide potential using FS < 1 for the spatial 
analysis due to the potential errors in the 
variables. Therefore, it is possible to use the limits 
of the safety factor values for the relative hazard 
rankings and the probability of landslide at this 
condition is approximately 60 percent and more 
(Ward et al., 1979). Figures 6 and 7 present the 
predicted time and location of landslides using 
the TRIGRS and this is subject to the limitation 
from the interacting grid cell and DEM (Viet et al., 
2017). Moreover, the model results are sensitive 
to the physical properties and hydraulic soil 
layers which are likely to vary and be anisotropic 
in the model area (Baum et al., 2008). The 
saturated permeability also controls the velocity 
of water flow and this further influences debris 
flow and induces slope movement based on the 
water flow inside the soil layer. Furthermore, 
diffusivity affects the water storage of soil and the 
soil capacity of pore water determines the 
maximum saturation of the soil. This is evident in 
the fact that when the soil moisture peaks, the 
soil usually becomes slurry and water routed as 
run-off. 
Alvioli et al. (2014) showed the application of the 
physically-based model in predicting the time of 
landslides occurrence indicated the presence of 
both scaling properties of landslides including the 
intensity of the driving forces (the mean rainfall 
intensity and the rainfall duration responsible for 
the slope instabilities) and the magnitude of the 
consequences (the relative proportion of 
landslides of different sizes). This was determined 
by selecting reasonable values for the model 
parameters without changing or optimizing them 
to present a functional link between rainfall and 
landslides. Muntohar et al. (2013) also found the 
occurrence time of landslides to be affected by 
rainfall patterns and this means a well-predicted 
time needs a complete hourly precipitation record 
from the nearest rainfall measurement. 
Furthermore, Viet et al. (2017) showed the output 
of TRIGRS is very sensitive to the initial condition 
of the input parameter which is not easy to 
determine even when defined by a series of 
laboratory investigations. This means an 
assumption and field observation are possibly 
reliable to set the initial condition. 
The landslide in this study was triggered by 
increasing the porewater pressure during rainfall 
infiltration in line with the elapsed time of 
precipitation. The failure mechanism was also 
generally found in many landslide cases to be 
followed by debris flow (Zhuang et al., 2017; Hsu 
and Liu, 2019). Moreover, the positive pressure 
head on the slope surface as shown in Figure 8 
indicates the slope was saturated and the rainfall 
infiltration in each cell of the DEM was calculated 
in the TRIGRS from the summation of total 
precipitation (P) and runoff in adjacent cells (Ru). 
Meanwhile, runoff water flows to a lower 
elevation of the adjacent cell when the 
infiltration was greater than the capacity of 
saturated hydraulic conductivity (Ks). It is also 
possible to combine the routing runoff flow in 
TRIGRS with the safety factor to estimate the 
debris flow area and direction as modeled by Park 
et al. (2013). The TRIGRS model was verified in 
this study through the reference landslide event 
in the Karangkobar area and was generally used to 
predict the landslide potential. Some parts 
predicted to be high hazard areas have not yet 
collapsed but soil movement is observed to be 
existing around the area. The model was also 
reported by Zhuang et al. (2017) to have been 
applied successfully for predictions and a 
comparison of its results with other models 
showed it is more significant to predict a landslide 
occurrence for a particular precipitation 
threshold on the regional scale. Furthermore, the 
differences between the predicted landslide area 
and field observation have been previously 
determined by vegetation cover and its roots in 
the subsurface soil layer of the study area 
(Saadatkhah et al., 2016). Bordoni et al. (2015) 
also showed the need to consider the role played 
by plant roots on soil reinforcement in order to 
develop an optimal prediction process for slope 
instability and agricultural management 
practiced in an area. 
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5 CONCLUSION 
The landslide-triggered rainfall at the 
mountainous area of Karangkobar sub-district, 
Banjarnegara district, Central Java was simulated 
using TRIGRS 2.0. This involved the simulation of 
the transient infiltration and a physical-based 
model of the stability conditions of natural slopes 
in response to rainfall events. The results were 
validated through the back analysis of a reference 
landslide event and the instability in the area was 
confirmed to be initiated in the 3 three hours of 
rainfall while the hazards area occurs majorly at 
the steep slopes with slope angles greater than 
30o after 24 hours. The safety factor in the area 
was simulated to have ranged from 0.20 to 1.20 
with those at a higher elevation and steeper area 
having the lowest. The results from the TRIGRS 
were compared with observations made at the 
study site and it was discovered to have 
performed at an acceptable level of accuracy. 
However, further analysis is needed to improve 
the level of accuracy of the model even though it 
can be developed to predict rainfall-induced 
spatial landslides to have early warning.  
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